Adequate postoperative pain relief after hospital discharge is important to prevent negative clinical outcomes and unnecessarily use of healthcare resources.
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Total knee replacement (TKR) is a highly invasive and painful orthopedic surgery [1] . Un relieved postoperative pain can result in negative clinical outcomes, prolonged recovery and an increased risk of developing persistent pain [2, 3] . Poorly managed severe postoperative pain can also cause patient dissatisfaction with their medical care [2, 4] . Indeed, adequate pain relief following TKR has been shown to be the primary determinant of patients' satisfaction with surgery [5] [6] [7] .
Owing to the aging population and rising prevalence of osteoarthritis, the annual incidence of TKR is escalating exponentially worldwide [8] [9] [10] [11] . In the USA, first-time knee replacements rose by 63% from 1997 to 2004 [10] . In addition, an increasingly shorter hospital length of stay is evident after TKR. In the past, the average length of hospital stay after TKR was approximately 10 days. Currently, the average length of stay is approximately 4-6 days [9, 101] . Early discharge shifts the locus of pain management responsibility earlier to the patients themselves. To develop optimum pain management strategies after hospital discharge, it is necessary to evaluate the current situation.
A recurrent finding in the literature on postoperative pain is that moderate-severe pain was common [12] [13] [14] . Interestingly, some studies on patients' experience following discharge demonstrated that more patients experienced pain after hospital discharge compared with during the admission period [12] . However, many of the past studies are limited by their long recall periods [12] [13] [14] . Past surveys also included a variety of surgical interventions with some combining the analysis of inpatient and outpatient procedures [12] [13] [14] . It is unknown whether the findings summaRy aim: To determine patients' pain experience and potential barriers to effective pain relief after discharge. materials & methods: Cross-sectional survey at weeks 2 and 4 to consecutive patients after discharge following total knee arthroplasty on pain severity; use of pain medication and nonpharmacological strategies; side effects and perceptions of pain medication; adequacy of information; and patient satisfaction. Results: We recruited 105 participants (response rate: 94%). During the first 2 weeks at home, 40% of the participants experienced frequent severe-extreme pain and 20% of the participants reported that this was the most painful period. There was no/inadequate information on pain medication for 30% of the participants and non pharmacological strategies for pain relief for 60% of the participants. Many participants had misconceptions about pain medications. More no-mild pain participants walked or exercised their knees longer daily, or were satisfied with pain relief since returning home, compared with moderate-severe pain participants. conclusion: Following discharge for total knee replacement, there was suboptimal use of pain medication and non pharmacological strategies, probably leading to unnecessary pain, reduced mobility, limited therapeutic exercise and patient dissatisfaction.
from these older surveys can be generalized to the current TKR population.
The aims of this study were to address this gap by gaining insights from patients undergoing TKR on pain intensity, pain management behaviors, perceived adequacy of current pain management information and perceptions of pain medication that may be barriers to optimal pain relief during the first month after hospital discharge. We also aimed to examine if the time spent walking or exercising the operated knee; satisfaction with pain relief after discharge; and perceptions of pain medication, differed according to the pain severity.
Materials & methods sample & setting
The sampling frame comprised of patients who had undergone unilateral primary TKR for osteoarthritis from January to September 2011 at an acute, 1200-bed hospital where more than 20% of Singapore's TKRs were performed in 2011 [101] . Eligibility criteria included an age of 45 years and above at the time of surgery; mental competency to complete the survey; and discharged within 1 week after surgery.
Peri-& post-operative management
The duration of surgery was approximately 2 h. The participants received spinal anesthesia and multimodal postoperative analgesics consisting of intraoperative peripheral nerve blocks or local infiltration analgesia, and postoperative patient-controlled analgesia with morphine and paracetamol, NSAIDs, and oxycodone (after discontinuing the patient-controlled analgesia). During surgery, tourniquet was applied at 350 mmHg and released when the dressing was A u t h o r P r o o f completed. After the surgery, all participants followed the hospital's structured TKR clinical pathway. Participants were reviewed by the Acute Pain Service team, daily until the discontinuation of the patient-controlled analgesia. They received daily physical therapy involving passive and active knee range of motion and progressive ambulation as tolerated. Participants were discharged when they met the criteria stipulated in the TKR clinical pathway: no medical complications, achieve 90° active knee flexion and demonstrate the ability to ambulate safely. The oral analgesics after discharge consisted of a combination of a simple analgesic, a NSAID and an opioid. Upon discharge, the participants were given a 2-week appointment to see their orthopedic surgeon and physiotherapist. They were also given a booklet that outlined the exercises that they should be performing at home.
Questionnaire
We used a structured questionnaire consisting mainly of closed-ended questions. The items in the questionnaire were adapted or modified from validated tools [15, 16] and past surveys on post operative pain experience [12, 14, 17] , or were developed following a focus group discussion with three acute pain nurse clinicians, a physiotherapist and four nurses with experience in caring for patients after TKR. We also interviewed five TKR patients about their pain relief strategies after hospital discharge and their perceptions of pain medication.
Prior to using the questionnaire, we established its face and content validity by seeking feedback from experienced clinical experts (i.e., an acute pain specialist, an orthopedic surgeon and a senior physiotherapist). The questionnaire was then pilot tested on ten patients who had undergone TKR. Based on their feedback, refinements to the wording improved the clarity of the questionnaire. No further content changes were needed. The questionnaire included the following items.
Pain severity
Participants completed the well-validated and reliable Western Ontario and McMaster University (WOMAC) Osteoarthritis Index Pain scale [15, 18] . The scale consists of five items evaluating intensity of pain during routine daily activities [19] . Each item of the scale ranges from 0 (no pain) to 20 (severe pain). Intensity is rated using a 5-point Likert scale from 'none' to 'extreme' [19] .
The Brief Pain Inventory Scale assesses pain at its 'worst', 'least', 'average' and 'now' [16, 20] . We modified one item (i.e., 'average' pain) from the Brief Pain Inventory. In clinical trials, the item 'average' pain has been used singly to represent pain severity, with such single-item use supported by the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) recommendations for assessing pain in clinical trials [21] . The survey questionnaire also asked about the expected pain in the first 2 weeks at home, the actual pain compared with the expected pain and which postoperative period was the most painful. Participants were asked about the pain medications consumed during the first 2 weeks at home, the frequency of consumption and the effectiveness of the medications. They were also asked about pain medication-associated side effects and the frequency of their occurrence. In addition, the survey included items on non pharmacological strategies (i.e., passive and active behavioral strategies) used for pain relief and their effectiveness. Passive behavioral strategies are methods where no physical or mental activity is required from the patient (e.g., cold pack and acupuncture), while active behavioral strategies are activities initiated by the patients to relieve pain (e.g., distraction and meditation), but exclude activities intended to avoid or escape pain (e.g., sleep) [22] .
Physical activities undertaken daily
Participants were asked to report the time spent walking and exercising the operated knee daily. Responses included 'did not walk/exercise'; 'less than 15 min'; '15-30 min'; '31-60 min'; and 'more than 1 h'.
Adequacy of pain medication information
There were two items on the adequacy of information provided on managing pain: using medications and using nonpharmacological strategies. The four responses were 'adequate'; 'somewhat adequate'; 'inadequate'; and 'no instructions were given'.
Satisfaction with pain relief
To determine satisfaction with pain relief, participants were asked 'how satisfied are you with pain relief since returning home?'. The five responses were 'strongly dissatisfied'; 'dissatisfied'; 'neutral'; 'satisfied'; and 'very satisfied'.
A u t h o r P r o o f
ReseaRch aRticle Chan, Blyth, Cheow & Fransen
Perceptions of pain medication
To identify potential patient-related barriers to effective pain relief, the questionnaire included seven items on perceived efficacy of pain medication, pain medication-associated side effects, cost burden, tolerance, addiction and if 'good patients' should talk about their pain. Five of the items were adapted or modified from the Barriers Questionnaire, a 27-item questionnaire developed to measure the extent to which patients have concerns that are thought to be barriers to pain management [17] , while two items were developed following the focus group discussion. All the items have five responses ranging from 'strongly disagree' to 'strongly agree'.
Procedure
Approval to conduct the study was obtained from the ethics review board in Singapore. Prior to hospital discharge, potentially eligible patients were invited to participate in the study. The questionnaires were administered at weeks 2 and 4, after discharge from the hospital. A self-addressed postage envelope was provided for the participants who were able to complete a self-administered questionnaire for returning the completed questionnaire. For less literate participants, the survey questionnaire was administered face-toface or by telephone by the study interviewer, a registered nurse experienced in conducting survey interviews and not involved in patient care. These assessments took approximately 15-20 min.
Data analysis
We dichotomized WOMAC pain scores into <6/20 to represent no-mild pain and ≥6/20 to represent moderate-severe pain. The c 2 test was used to determine if patients' perceptions of pain medication use; daily time spent walking; daily time spent exercising the operated knee; patient satisfaction with pain relief after discharge; and perceptions on pain medication use, differed between patients with no-mild pain and those with moderate-severe pain (i.e., WOMAC pain scores <6 vs ≥6, respectively). For the c 2 analyses, we compared the data as follows: daily time spent walking or exercising the knee ≤30 min versus >30 min; strongly dissatisfied, dissatisfied, and neutral versus satisfied and very satisfied for satisfaction with pain relief; and strongly agree and agree versus strongly disagree and disagree, for the seven perceptions of pain medication use. Data were analyzed using SPSS 19.0 (SPSS Inc., IL, USA) with statistical significance set at p < 0.05.
Results sample characteristics
We recruited 112 out of 128 (88%) consecutive eligible patients during the study period (Figure 1 ). Of these, 105 (94%) participants completed the week 2 questionnaire and 100 (89%) participants completed the week 4 questionnaire. table 1 shows the characteristics of the study sample. The participants were mainly Chinese married females with a mean age of 65 years, and not in paid employment (table 1) , reflecting the demographic characteristics of the TKR population at the collaborating hospital. The average duration of hospital stay was 5 days. Apart from 19.7% of the participants who completed the questionnaire via face-to-face interviews at week 2 and telephone interviews at week 4 after discharge, the other participants used the same mode of data collection for both time points (table 1) . Participants who completed the questionnaire via face-to-face interviews reported similar results for average pain (p = 0.430) and the WOMAC pain scores (p = 0.905) on the week 2 questionnaire compared with those who completed it via mail or telephone interviews. There were no missing data for the returned surveys.
Pain severity
Approximately 20% of the survey participants found their knee pain to be more severe during the first 2 weeks at home compared with pain on the day of surgery or during the hospital admission period (table 2) . During weeks 1-2 at home, almost 50% of participants reported that their average pain was moderate-severe, while almost 40% of participants experienced severe-extreme pain for half of the time or more frequently (table 2) . During weeks 3-4, these figures decreased to 34 and 22% of participants, respectively. Based on the WOMAC scale, 58 and 37% of participants had moderate-severe pain (score ≥6/20) at weeks 1-2 and weeks 3-4, respectively. Approximately onethird of the participants reported moderate-severe pain, which disturbed their sleep during the first 4 weeks after discharge.
Use, effectiveness & side effects of pain medication to manage pain
During weeks 1-2, 91% of participants took some form of oral pain medication compared with 74% during weeks 3-4 (table 3). During weeks 1-2, approximately one-third of the participants consumed only paracetamol, while another one-third took an opioid (i.e., tramadol)
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either alone or with a nonopioid pain medication (table 3) . During weeks 3-4, the use of opioid alone or with a nonopioid pain medication was reduced to slightly more than one-fifth. Approximately one-quarter of the participants found oral pain medication provided only mild pain relief. A total of 40% of the participants experienced medication-associated side effects during both weeks 1-2 and weeks 3-4, with 40% of this group having two or more side effects (table 3) .
Of the participants with moderate-severe pain on the WOMAC pain scale, 5% did not consume any pain medication, 30% consumed paracetamol alone, 19% consumed NSAIDs alone or with paracetamol, 12% consumed opioid alone and 35% consumed opioid with a nonopioid pain medication.
Use & effectiveness of nonpharmacological strategies to manage pain
Approximately 87% of participants used nonpharmacological strategies for pain relief. Of these, 32% used passive behavioral strategies, 14% used active behavioral strategies and 54% used a combination of active and passive behavioral strategies. The five most common strategies were cold/ warm pack, massage, sleeping/resting, medicated ointment and distraction (table 3) . Almost half of the participants reported moderate-complete pain relief from the nonpharmacological strategies at weeks 2 and 4 (table 3).
Physical activities undertaken daily
During weeks 1-2 following discharge, 59% of the participants walked more than 30 min daily, and 31% exercised their knee more than 30 min daily. During weeks 3-4 following discharge, these figures increased to 70 and 44%, respectively (table 3) . Significantly more participants with no-mild pain walked more than 30 min daily compared with participants with moderate-severe pain, at weeks 1-2 and weeks 3-4 (table 4). A higher proportion of participants with no-mild pain exercised their knee more than 30 min daily, compared with those with moderate-severe pain (table 4) .
adequacy of pain medication information
When asked about the adequacy of information provided at the time of hospital discharge, approximately 70% of participants reported that the information on pain medication was adequate, while only 22% found the information on nonpharmacological strategies for pain relief to be adequate (table 5) .
satisfaction with pain relief
More than 70% were satisfied or very satisfied with their pain relief at home (table 5) . Threequarters had expected moderate-extreme pain during weeks 1-2 at home, and most found 
Perceptions of pain medication
A total of 44% of the participants agreed or strongly agreed that pain medication could not really control pain (table 6) . Slightly more than half of the participants agreed or strongly agreed that the side effects from the pain medication were not easy to handle and 42% agreed or strongly agreed that they prefer to put up with their pain than with the side effects from the pain medication. Approximately half of the participants also agreed or strongly agreed that if they took medication when they had some pain, it might not be as effective when the pain worsened, while 42% were concerned about addiction (table 6 ).
There were no significant differences between the participants with WOMAC pain scores <6 versus ≥6, and their perceptions on each of the seven items on potential patient-related barriers to effective pain medication use, during the first 2 weeks at home in table 6. Nevertheless, more participants with a WOMAC pain score of ≥6, compared with WOMAC pain score of <6, agreed with the statements: 'if I take pain medication when I have some pain, it might not work as well if the pain worsens' (53 vs 43%); 'side effects caused by pain medication are not easy to handle' (59 vs 46%); and 'pain medication cannot really control pain' (49 vs 36%).
Of the nine participants who did not consume any pain medication during the first 2 weeks at home, 89% perceived that: 'Side effects caused by pain medication are not easy to handle' and 67% were concerned with tolerance and addiction.
Discussion
Our findings highlighted the problems and concerns of patients in self-managing their pain during the initial 4 weeks at home after TKR surgery. During the first 2 weeks at home, almost all the participants were experiencing pain, with approximately half reporting their average pain as moderate-severe. Although the proportion decreased at weeks 3-4, the prevalence of moderate-severe pain was still substantial, with one-third of participants reporting pain that disturbed their sleep. This is of concern as pronounced sleep disturbances after TKR can potentially impair the healing process and lead to functional limitations [23] . Almost 20% of the participants reported that the most painful surgical period was during the first 2 weeks at home, rather than on the day of surgery or during the admission period. For many of our participants it was likely their pain remained under-reported as almost half of this cohort (and 40% of those who experienced moderate-severe pain) perceived that 'good patients avoid talking about pain'. Our findings regarding pain severity after hospital discharge are in general agreement with the few studies exploring this clinical issue. Past studies also reported a high prevalence and intensity of postoperative pain Multiple responses possible. ‡ n = 96 at week 2 and n = 74 at week 4, as patients not taking pain medication were not considered. § n = 91 at week 2 and n = 85 at week 4, as patients not using nonpharmacological strategies were not considered.
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ReseaRch aRticle Chan, Blyth, Cheow & Fransen after discharge [12] [13] [14] . Interestingly, while many of our patients would avoid talking about pain, a study conducted in a sample from North America, reported that 93% of patients believed that it is acceptable for patients to complain about pain after surgery [14] .
It is of concern that almost half of the survey participants reported that they had disturbing side effects associated with pain medication even at weeks 3-4 at home, with many having two or more side effects. Half our participants perceived that the side effects were not easy to handle and preferred to put up with their pain than with the side effects from the pain medication. Among participants who avoided pain medication in the first 2 weeks at home, 90% of participants perceived that it was not easy to manage side effects associated with pain medication. A recent qualitative study found that adverse side effects were one of the main reasons for TKR patients to adjust their usage of pain medication [24] . Our findings emphasize the need for the patients to be taught how to manage possible medicationassociated side effects at the point of hospital discharge.
Many of our participants were concerned about developing tolerance or addiction to pain medication, even though the majority of our participants were not consuming opioids or were consuming short-term, low-dose 'weak' opioids (i.e., tramadol). Long-term opioid treatment may result in adverse consequences, such as tolerance and addiction [25] . However, the risk is low in short-term use in appropriately prescribed doses [25, 102] . In our setting, clinicians are cautious about prescribing opioids upon discharge; the 60% of our cohort who were prescribed an opioid, were on an 'as needed' dosing for a maximum of 2 weeks. Patients' undue concerns might have prevented them from taking adequate pain medication when needed.
More patients with moderate-severe pain, compared with patients with no-mild pain, perceived that they might develop tolerance to the ‡ n = 96 at week 2 and n = 74 at week 4, as patients not taking pain medication were not considered. § n = 91 at week 2 and n = 85 at week 4, as patients not using nonpharmacological strategies were not considered.
pain medication, that pain medication-associated side effects were difficult to manage, and that pain medication could not provide pain relief. These perceptions might have led to pain medication avoidance by the very patients who needed them the most. Of the participants with moderate-severe pain on the WOMAC scale, 5% did not consume any pain medication while 30% consumed paracetamol alone, suggesting undertreatment. Their pain is likely to have been better controlled by combining paracetamol with a more potent pain medication, such as that following the WHO 'analgesic ladder' framework [103] , or by using adjunct non pharmacological strategies [26, 27] . Despite many participants having significant pain and experiencing side effects, more than 70% of participants were satisfied with their pain relief. This is a commonly reported finding in the arena of pain medication research [12, 13] . Reported satisfaction with pain medication may depend on many factors including the expectation of pain and overall health status improvements compared with presurgery. Twothirds of the survey participants were expecting moderate-severe pain during the initial weeks at home. Furthermore, a 'cohort effect' may be responsible for the reported satisfaction with pain medication. Many of the survey participants belong to the generation generally known to be stoic, having survived the hardships of the Second World War, postwar riots, severe unemployment and food shortage. Nevertheless, as expected, significantly higher proportions of participants with no-mild pain were satisfied with their pain relief after discharge at week 2 and week 4, compared with participants with moderate-severe pain [2, 4] .
The majority of the participants used nonpharmacological strategies to relieve pain with half of them finding these strategies to be effective. Although most of the participants used a combination of passive and active behavioral strategies, 32% used passive strategies exclusively. As active behavioral strategies were associated with lower levels of disability, less distress and less reliance on medication [28] , these participants might have experienced better pain relief with active instead of passive behavioral strategies. Given that nonpharmacological strategies are simple, have minimal costs and have relatively no adverse effects, patients could use them at home as an adjunct to their pain medication. The adjunct use of nonpharmacological strategies may be particularly useful for patients who avoid their pain medication owing to side effects or concerns with tolerance/addiction, or who generally dislike consuming pain medication. Unfortunately, information on nonpharmaco logical strategies was rarely provided. Approximately only 20% of the participants reported that such information was adequate.
Participants with no-mild pain reported walking or exercising more for weeks 1-2 and weeks 3-4 compared with those with moderate-severe pain. Walking and regular exercise are critical in the first weeks after surgery for muscle strengthening, to achieve full active range of motion and to optimize functional recovery. Effective pain self-management during the initial weeks at home is critical to avoid loss of sleep, delayed recovery and to prevent acute pain from persisting [2, 29, 30] . Our findings on the association between pain and time spent walking or exercising futher add to the importance of adequate postoperative pain relief after hospital discharge.
This study is one of the few that focused on problems related to self management of postoperative pain at home, from the patient's perspective. The strengths of our study included that the survey focused solely on TKR patients and used a short 2-week recall period. The study had a high response rate, a low loss to follow-up rate and no missing data. Our findings have important clinical implications by identifying potentially modifiable behaviors and misperceptions that are a barrier to effective pain management.
The main limitation of the study, as with other cross-sectional surveys, is the inability to provide insights on cause-and-effect. We did not collect 
ReseaRch aRticle Chan, Blyth, Cheow & Fransen data on psychological factors, such as pain catastrophizing as this trait is uncommon among the local elderly individuals who make up our TKR population. We also did not collect specific data on comorbidity and prior use of opioid, both of which could have influenced the participants' perceptions of pain management. However, it is unlikely that the participants had major comorbidity as none were admitted to the high dependency unit after surgery (as is the case for high risk patients). In addition, our study excluded patients who were admitted for more than 7 days after surgery. Another potential limitation is that we used a mixed-mode survey design to maximize response rate and minimize cost. Nevertheless, we believed that the differing mode of data collection did not affect our conclusions as the face-to-face, mail and telephone interviews, generally yielded similar results [31] . Overall, our findings highlighted areas of postdischarge pain management with potential for improvement. Patients should be provided with adequate information on analgesic use and nonpharmacological strategies to manage their pain at home. To maximize patient education, a variety of teaching aids coupled with take-home written information covering topics such as strategies to manage analgesic-associated side effects, common myths on analgesics, and the wide range of nonpharmacological methods of pain management, could be used. For patient education to be truly effective, there may be a need to invest in resources, such as a full-time nurse dedicated to conduct in-hospital patient education, and weekly phone calls during the initial weeks following discharge, and perhaps even manage a postdischarge helpline. In addition, it is important that clinicians are aware that they may need to initiate discussions on effective pain management as many of our patients avoid talking about pain. Patients should also be encouraged to actively seek help for unrelieved pain so that prompt assessment and treatment can be provided.
conclusion & future perspective
Our study emphasized that for patients undergoing TKR, pain management after hospital discharge could be improved. Significant advances have been made in the management of acute pain in the inpatient setting. The hospital met the Joint Commission on Accreditation of Healthcare Organizations accreditation in 2005, and the three yearly recertification, thereafter, which required adequate assessment and management of pain [104] . However, the current focus of pain management often appears to end with the patient's discharge from hospital.
The findings of this survey would indicate that it is time to extend the care beyond the admission period, particularly in light of the trend for decreasing length of hospital stay. A coordinated approach at multiple levels of healthcare provision and patient education, from hospital to c ommunity, is required to improve practice. 
